INTRODUCTION {#sec1-1}
============

Oral infections, particularly periodontitis and other periodontal conditions have been long known to be associated with aerobic and anaerobic pathogens. Oral cavity houses more than 500 different types of bacteria that are reportedly associated with different oral diseases.\[[@ref1]\] *Aggregatibacter actinomycetemcomitans* has been recognized as one of the most common micro-organism, responsible for the initiation of periodontitis and is commonly associated with active periodontal lesions.\[[@ref2]\] Levels of *Porphyromonas gingivalis*, *Prevotell intermedia*, and other anaerobic bacteria have been commonly seen to increase in chronic periodontitis.\[[@ref3]\] While *P. intermedia* is more commonly associated with the advancement of necrotizing ulcerative gingivitis,\[[@ref4]\] *P. gingivalis* is predominantly associated with the development of localized aggressive periodontitis.\[[@ref5][@ref6][@ref7]\]

The emergence of drug resistance in human and animal pathogenic bacteria, as well as undesirable side effects of certain antibiotics, has triggered immense interest in the search for new antimicrobial alternatives of plant origin. The most important advantage claimed for therapeutic use of medicinal plants in various ailments is their safety besides being economical, effective, and easy availability.\[[@ref8]\]

Medicinal plants are used widely by traditional medical practitioners in their day-to-day practice for curing various diseases. Phytomedicine (use of medicinal herbs for treatment), for oral disorders such as dental caries and periodontal disease, has also been well practiced in traditional medicine of Indian, Egyptian, Greek, and Chinese civilizations.\[[@ref9][@ref10]\] Different parts of *Ocimum sanctum* Linn (known as Tulsi), a small herb seen throughout India, have been used for various medicinal purposes. Tulsi has long been recognized as possessing antioxidant properties,\[[@ref11]\] as a COX2 inhibitor,\[[@ref12]\] and to provide protection from radiation poisoning\[[@ref13]\] and cataracts.\[[@ref14]\] Studies have also demonstrated anti-hyperlipidemia and cardioprotective effects of Tulsi in rats fed on a high-fat diet,\[[@ref15]\] and it is also known to promote immune system function.\[[@ref16]\] A decoction prepared from Tulsi plant is hepatoprotective, immunomodulatory, analgesic, antipyretic, and is used as a diaphoretic in malarial fever.\[[@ref17]\] Tulsi has also been used as an important pot herb in folklore practices for a number of ailments and diseases.\[[@ref18]\] This scenario is ever applicable to Tulsi for a wide range of conditions ranging from relatively minor illnesses such as cold or a cough to various severe conditions. *O. sanctum* (Tulsi) has been studied on a major scale and has shown a plethora of biological and pharmacological activities benefiting humans since ages.

However, literature pertaining to the antimicrobial activity of Tulsi on periodontal bacteria has not been reported earlier. Therefore, the present study was conceptualized as the initial step to comprehensively report the antimicrobial potential of Tulsi by assessing the inhibition zones with agar well diffusion method against three pathogens viz., *A. actinomycetemcomitans*, *P. gingivalis* and *P. intermedia*, which are commonly associated with periodontitis. The findings were then compared with those obtained with doxycycline, a drug used commonly as an adjunct to nonsurgical therapy for treatment of periodontitis, as a standard.\[[@ref19]\]

MATERIALS AND METHODS {#sec1-2}
=====================

The study employed an *in vitro* experimental design. Ethical clearance to conduct the study was obtained from the Institutional Ethics Committee of Manipal College of Dental Sciences, Mangalore (Ref No: MCODS/198/2014).

Tulsi leaves were obtained from courtyards and local market in Mangalore city. Specimens were identified by a botanist and a pharmacognosist for their authenticity. Leaves were separated from the stem, washed in clear water and dried until they were adequately dry to be ground (dried for 7 days). Dried leaves were powdered separately in an electric grinder until a homogenous powder was obtained. Ethanolic extract was prepared from the powder obtained using "cold extraction method."\[[@ref20]\] A total of 250 g of finely powdered Tulsi was macerated with 100% ethanol for 3 days. The alcoholic decoction was subjected to filtration with Whatman \#1 filter paper to obtain a clear filtrate. The filtrate thus obtained was reduced at a low temperature of \<60°C to obtain a solid residue of Tulsi extract \[[Figure 1](#F1){ref-type="fig"}\]. From the 250 g of Tulsi powder dissolved in 1 L of ethanol, approximately 18 g of solid residue (extract) was obtained.

![Tulsi (*Ocimum sanctum*) extract preparation; (a) Ocimum sanctum plant; (b) leaves separated and dried; (c) leaves ground to powder; (d) extract obtained](JISP-20-145-g001){#F1}

One gram of this extract was dissolved in 10 ml of dimethyl formamide to obtain a 10% concentration of extract. Similarly, concentrations of 0.5%, 1%, 2%, and 5% of Tulsi extract were obtained by diluting with appropriate amounts of solvent. These extracts were collected in sterile containers and transported for microbiological assays. In this study, doxycycline, one of the drugs commonly employed in the treatment of aggressive periodontitis, was used as a positive control and dimethyl formamide, the solvent used in the extract preparation, was used as a negative control.

Microbiological assay {#sec2-1}
---------------------

Agar well diffusion method was used to determine the antimicrobial activity of Tulsi leaves extract *in vitro*. Blood agar was used to culture different micro-organisms examined in this study. Colonies of microorganisms were transferred to the agar plates using a swab, and their turbidity was visually adjusted with the broth to equal that of a 0.5 McFarland turbidity standard that had been vortexed. Within 15 min of adjusting the inoculum to a McFarland 0.5 turbidity standard, a sterile cotton swab was dipped into the inoculum and rotated against the wall of the tube above the liquid to remove excess inoculum. The entire surface of agar plate was then swabbed 3 times with the cotton swab, transferring the inoculum, while the plates were rotated by approximately 60° between streaks to ensure even distribution. The overall procedure of inoculum preparation and inoculation of culture media remained the same for all three bacteria. Each bacterium was inoculated on five agar plates for five respective concentrations (0.5%, 1%, 2%, 5%, and 10%) of the Tulsi extract. Therefore, a total of 15 plates were inoculated to test all the three bacteria.

The inoculated plate was allowed to stand for at least 3 min but no longer than 15 min, before making wells for different compounds to be tested. A hollow tube of 5 mm diameter was heated and pressed above the inoculated agar plates. It was removed immediately by making a well in the plate; likewise, three wells on each plate were made, one each for positive control, negative control and Tulsi extract \[[Figure 2](#F2){ref-type="fig"}\]. Each well received 5 µl of respective compound assigned for it. Plates were incubated at 37°C in an incubator within 15 min of compound application. Incubation was done for 48 h for both aerobic (*A. actinomycetemcomitans*) and anaerobic (*P. gingivalis* and *P. intermedia*) bacteria. For anaerobic organisms, plates were incubated in the McIntosh and Filde\'s anaerobic jar, while aerobic micro-organism was cultured in the incubator at 37°C for 48 h.

![Wells made in blood agar for Tulsi, doxycycline, and dimethylformamide](JISP-20-145-g002){#F2}

After the incubation period, plates were read only if the lawn of growth was confluent or nearly confluent. The diameter of inhibition zone was measured to the nearest whole millimeter by using a Vernier Calliper. The microbiological procedure was repeated 4 times for each bacterium, and corresponding four values of zones of inhibition for each concentration of Tulsi extract along with doxycycline and dimethyl formamide were obtained for each of the three bacteria. The values so obtained were compared within the group (same concentration of extract) and with different groups (different concentrations of extract) and also with the positive control (doxycycline) for different bacteria \[[Figure 3](#F3){ref-type="fig"}\].

![ones of inhibition produced by Tulsi at different concentrations. (a) Against *Porphyromonas gingivalis*; (b) 5% Tulsi against *Aggregatibacter actinomycetemcomitans*; (c) 10% Tulsi against *Aggregatibacter actinomycetemcomitans*; (d) against *Prevotella intermedia*](JISP-20-145-g003){#F3}

Statistical analysis was done using the software Statistical Package for Social Sciences (SPSS, version 16.0; SPSS Inc., Chicago, IL, USA). The disc diffusion values of different concentrations of Tulsi leaves extract, positive and negative controls against all the bacteria were entered in the SPSS software for statistical analysis. Descriptive statistics was retrieved, and data were analyzed using one-way analysis of variance (ANOVA), and Tukey *post-hoc* test was used for comparison within the group and with different groups. Statistical significance level was established at *P* \< 0.05.

RESULTS {#sec1-3}
=======

Zones of inhibition displayed by Tulsi extract (at different concentrations), positive and negative controls against *A. actinomycetemcomitans*, *P. gingivalis* and *P. intermedia* are compiled in [Table 1](#T1){ref-type="table"}. The least zones of inhibition were displayed by the negative control and doxycycline exhibited the widest zones of inhibition against all the three bacteria. Tulsi leaves\' extract showed increasing zones of inhibition with increasing concentration against all the three bacteria. Mean zone of inhibition for each concentration and each bacterium was calculated for analysis \[[Figure 4](#F4){ref-type="fig"}\]. All the concentrations of Tulsi and dimethyl formamide showed minimal inhibitory zones against *P. gingivalis* and *P. intermedia*. Against *A. actinomycetemcomitans*, Tulsi leaves extract at a concentration of 0.5%, 1%, and 2% and dimethyl formamide showed a minimal zone of inhibition. However, Tulsi displayed wide inhibition zones at 5% and 10%. All the bacteria tested showed susceptibility to doxycycline explained by the wide inhibition zones displayed \[[Table 1](#T1){ref-type="table"}\].

###### 

Zones of inhibition (in mm)

![](JISP-20-145-g004)

![Mean zones of inhibition by Tulsi, doxycycline and dimethylformamide against **Aggregatibacter actinomycetemcomitans**, **Porphyromonas gingivalis** and *Prevotella intermedi*](JISP-20-145-g005){#F4}

One-way ANOVA revealed an increase in the mean zones of inhibition against all the three bacteria with increasing concentration of Tulsi, which was statistically significant (*P* \< 0.001). Comparison with doxycycline revealed insignificant inhibition zones by all the concentrations of Tulsi against *P. gingivalis* and *P. intermedia*. Similar results were obtained on a comparison of inhibition zones exhibited by Tulsi, at 0.5%, 1%, and 2% concentrations and doxycycline against *A. actinomycetemcomitans*. However, at 5% and 10%, Tulsi showed wider zones of inhibition against *A. actinomycetemcomitans*, which were similar to doxycycline in comparison \[[Table 2](#T2){ref-type="table"}\].

###### 

Antimicrobial efficacy of Tulsi leaf extracts (ANOVA and *post-hoc*-Tukey)

![](JISP-20-145-g006)

*Post-hoc* tests revealed a significant difference in the antimicrobial efficacy of doxycycline and Tulsi against *P. gingivalis* and *P. intermedia*, with mean zone of inhibition obtained by doxycycline clearly exceeding the mean zones of inhibition obtained by different concentrations of Tulsi. The only exception in this phenomenon was that of Tulsi at a concentration of 5% and 10%, both of which showed antimicrobial efficacy against *A. actinomycetemcomitans*, similar to that of doxycycline \[[Table 2](#T2){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

With due consideration to available evidence pertaining to side effects and emergence of uncommon infections with the usage of synthetic antimicrobial agents,\[[@ref21][@ref22]\] including tetracyclines,\[[@ref23]\] particularly doxycycline\[[@ref24][@ref25]\] which is used most commonly for management of aggressive periodontitis; this study was conducted in the quest of identifying Tulsi as a possible alternative or an "adjunct" in the treatment of aggressive periodontitis. Several plant products such as Tulsi, neem, lemon, and others have been tested for their antimicrobial properties in the past\[[@ref26][@ref27][@ref28][@ref29][@ref30]\] with considerable success. Resistance to currently used chemotherapeutics is the major factor that necessitates the search for alternative safe, efficacious, and cost-effective treatment options, particularly in developing countries.\[[@ref31]\]

In this study, we attempted to obtain information on the antimicrobial efficacy of Tulsi, particularly against three periodontal pathogens namely *A. actinomycetemcomitans*, *P. intermedia* and *P. gingivalis*; as these microbes are more commonly associated with initiation and progression of various periodontal diseases, especially aggressive periodontitis.\[[@ref2][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38]\] Results in this *in vitro* experiment showed that Tulsi at a concentration of 5% and 10% can effectively inhibit the growth of *A. actinomycetemcomitans*, comparable to that of doxycycline. Different mechanisms of action of Tulsi have been proposed by many authors earlier. Vishwabhan *et al*.\[[@ref39]\] proposed the antimicrobial activity of Tulsi by virtue of its essential oil content. Various other studies also project the idea that Tulsi yields various essential oils which are responsible for the medicinal uses including antimicrobial, antioxidant, antifungal, and anti-inflammatory activities that can probably explain its activity against the microbes discussed so far.\[[@ref40][@ref41][@ref42]\] It has also been postulated that Tulsi has an immunomodulatory effect and acts by increasing the levels of interferon, interleukin-4 and T helper cells that can strengthen host response to infections.\[[@ref16]\] Singhal *et al*.\[[@ref41]\] proposed that the antibacterial activity of Tulsi leaf extract could be attributed to its ability to reduce silver ions to silver nanoparticles that possess antibacterial properties against both Gram-negative and Gram-positive bacteria.

Although many previous studies like those conducted by Agarwal *et al*.,\[[@ref20][@ref26]\] Rathod\[[@ref43]\] Shah *et al*.\[[@ref44]\] and Prasannabalaji\[[@ref45]\] have all shown the antimicrobial properties of Tulsi against different organisms, and there also is evidence claiming plant products being used as effective therapy against periodontitis.\[[@ref46]\] The present study is one of the first to assess the antimicrobial efficacy of Tulsi leaves extract against periodontal pathogens, in particular associated with aggressive periodontitis. Comparisons with previous studies are not justified here due to variation in the organisms tested against Tulsi for its antimicrobial effect. Since there were scarce literature available that could depict the efficacy of Tulsi against periodontal microbes specifically, the present study encourages researchers to carry out further studies assessing toxicity, durability and other assessments followed by clinical trials to provide an insight into the activity of Tulsi against periodontal pathogens on a transient as well as longitudinal basis to establish clear implications of Tulsi in periodontal disease management. With the basic limitations of the study design, generalizability is a possibility with further accumulation of evidence in this regard. However, within the limitations of the present study it could be concluded that Tulsi, as an adjunct, "if" found effective and safe on further research would be considered as a potential "adjunct" along with the standard care in the management of periodontitis to overcome the side effects of synthetic drugs, especially in this era of ever advancing clinical dentistry.
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